The relationship between endogenous plasma testosterone and plasma lipids was assessed among 856 Taiwanese men^40 years old originally recruited for an epidemiological study of testosterone deficiency syndrome. Blood samples were drawn from fasting (n ¼ 562) and non-fasting (n ¼ 294) subjects between 0800 to 1100 hours. With adjustment of age, body mass index and sex hormonebinding globulin, the following results were shown: (i) triglyceride (TG) levels were negatively associated with quartile levels of testosterone, and the magnitudes of associations were greater for postprandial TGs than for fasting TGs; (ii) high-density lipoprotein cholesterol (HDL-C) levels were positively related to quartile levels of testosterone, but the associations became insignificant after further control of TGs; and (iii) the calculated low-density lipoprotein cholesterol (LDL-C) levels were positively associated with quartile levels of testosterone. Similar results were obtained in multivariate linear regression analyses with additional control of hypertension and diabetes. In these Taiwanese men, the favorable association of endogenous plasma testosterone with HDL-C counterbalances the unfavorable association of it with LDL-C, while the net influence of testosterone on plasma lipids for cardiovascular system was still in the beneficial direction due to its negative association with postprandial plasma TG levels.
Introduction
The decrease in the high-density lipoprotein cholesterol (HDL-C) level in boys but not in girls 1 at puberty is related to an increase in the plasma testosterone concentration. 2 Exogenous androgens induce decrease of serum HDL-C. 3, 4 The lifetime risk of developing coronary heart disease is higher in men than in women. 5 All these evidences have led to the common belief that testosterone is harmful to the cardiovascular system.
However, there was no convincing evidence about the unfavorable relationship of testosterone and coronary heart disease. 3, 4 In fact, one cohort 6 and one case-control 7 prospective studies reported significant correlation between low baseline testosterone levels and cardiovascular death. The effect of testosterone on plasma lipids may be one of the explanations for the beneficial effect of testosterone on cardiovascular system but it remains poorly defined. Most epidemiological studies demonstrated that endogenous testosterone levels were associated with plasma triglycerides (TGs) and HDL-C in a beneficial direction for the cardiovascular system. 3, 4, 8 But there were some different reports in Japanese men with one study reporting a positive correlation between free testosterone (FT) and TGs; 9 another one, a negative correlation between FT and HDL-C levels; 10 and the other two, no correlation between FT and HDL-C and TGs. 11, 12 Studies in this aspect were scanty in other Asian men. Herein, we investigated the relationship of endogenous plasma testosterone and plasma lipids in Taiwanese men who were originally recruited for an epidemiological study of testosterone deficiency syndrome in aging males.
Aim
To know the association of endogenous testosterone levels and lipid profiles in middle-aged to older Taiwanese men.
Subjects and methods

Design
Men^40 years old were recruited without any payment by solicitation through the media for a study on the epidemiology of testosterone deficiency syndrome from June to September 2008 in three cities in Taiwan. The participants gave the written informed consent and received a physical assessment for blood pressure, body height, body weight and waist circumference. Blood samples were drawn between 0800 to 1100 hours by nurses.
Subjects who had eaten nothing since the midnight before blood sampling were categorized as the fasting group and the rest as the non-fasting. A selfadministered questionnaire including demographic data and checklists of comorbidities and current medications, and so on, were completed. The Institutional Review Boards of the participating hospitals reviewed and approved the protocols. The study was conducted in accordance with the Declaration of Helsinki and conformed to the principles of good clinical practice and applicable laws and regulations.
Laboratory measurements
The blood samples were transported in ice-cooled containers and centrifuged within 2 h. The samples were stored at À20 1C until being assayed. All the assays were performed by the same laboratory in a hospital. Total testosterone (TT) and sex hormonebinding globulin (SHBG) were determined by competitive chemiluminescence immunoassay on the Immulite autoanalyzer (DPC, Los Angeles, CA, USA). Albumin, total cholesterol (TC), glucose and TGs were determined by enzymatic method using TBA-FR200 automatic chemistry analyzer (Toshiba, Tokyo, Japan). HDL-C was measured by colorimetrics. Intra-assay and total coefficients of variation for TT were 10 and 15%, respectively; for SHBG, 6 and 10%, respectively; for TGs, 3 and 5%, respectively; for HDL-C, 5 and 8%, respectively; and for albumin, 3 and 5%, respectively. FT and bioavailable testosterone (BT) values were calculated from TT and albumin measurements using the Vermeulen's method. 13 Fasting low-density lipoprotein cholesterol (LDL-C) values were estimated using the Friedewald equation and only fasting data is calculated as the equation is valid only in the absence of chylomicrons.
14 Exclusion A total of 1034 participants were recruited and after exclusion of 178 subjects, 856 subjects were eligible for further analysis. The exclusion criteria included incomplete data (n ¼ 71), use of hormonal agents or agents potentially interfering sex hormones (n ¼ 32), subjects with a history of prostate cancer, liver cirrhosis, uremia, thyroid or pituitary problems (n ¼ 44), and a TG value 4400 ng dl À1 (n ¼ 31).
Main outcome measures
With adjustment of potential confounders, we assessed the distribution of TGs, TC, HDL-C and LDL-C by quartile levels of TT, BT, and FT and the contributions of various testosterones to lipid profiles by multivariate linear regressions. 
Statistical analysis
Depending on the normality of distribution, mean ± s.d. and median with interquartile range were calculated for parametric variables and unpaired two-sided student's t-test or Mann-Whitney U-test was applied for comparison between two numeric variables. The w 2 -test was used for comparing categorical variables. Correlations between SHBG and testosterone levels were assessed by the Pearson's method and the variables were log transformed due to skewness. Analysis of covariance was used to calculate and test the statistical difference of the adjusted mean and standard error between groups. The trend of association was examined by multivariate linear regressions by assigning ordinal values to the relevant independent variable. Multivariate linear regressions were also applied to determine the independent contributions of each testosterone and SHBG to the lipid levels with adjustment of potential confounders. TG values were log transformed in the multivariate analysis due to skewness. Separate models were fitted for each kind of testosterone levels.
The potential confounders included age, body mass index (BMI), diabetes mellitus (DM), hypertension (HT), and either SHBG (for the analysis of FT, BT or TT) or BT (for the analysis of SHBG). BMI was defined as body weight (kg) divided by square of body height (m 2 ). DM and HT were based on selfreports. Quartile levels of TT, FT, BT and SHBG were derived from the values of the total 856 subjects.
Statistical significance was defined as Po0.05. All the analyses were performed using the Statistical Package for the Social Sciences version 12.0 (SPSS, Chicago, IL, USA).
Results
Mean age of the 856 participants was 59.9 years with a mean BMI of 24.7 kg m À2 . The fasting group was 4 years younger in age and had a lower prevalence of HT than the non-fasting group, but there was no significant difference in their BMI and the prevalence of DM. The fasting group had higher TT, BT, FT and lower SHBG levels than the nonfasting group (Table 1) , although after adjustment of age, BMI, and albumin levels, there was no significant difference in their SHBG levels (46.8±0.9 nmol l À1 for the fasting group and 47.7 ± 1.2 nmol l À1 for the non-fasting, P ¼ 0.561). The correlation coefficient (r) of SHBG with TT, BT, and FT was 0.423, À0.242 and À0.198, respectively, all P ¼ 0.000.
Increasing quartile levels of testosterone were related to lower TGs after adjustment of age, BMI, and SHBG and the magnitudes of associations were greater in the non-fasting group than the fasting group. The association of SHBG and TGs was in the same direction as that of testosterone and TGs and the magnitudes of associations were independent of the fasting status ( Table 2) .
The distributions of HDL-C by quartiles of testosterone and SHBG were shown in Table 3 . With adjustment of age, BMI, and either SHBG (for the analysis of testosterone) or BT (for the analysis of SHBG), increasing testosterone levels were related to higher HDL-C and a similar trend was also seen in the relationships between SHBG and HDL-C. Because of the bidirectional lipid exchange between TG-rich lipoproteins and HDL particles 15 and the inverse relationship between TGs and testosterone and SHBG (Table 2) , further adjustment of TGs was performed and the positive associations between HDL-C and testosterone and SHBG became weakened (Table 3) . Table 4 showed the distributions of TC and LDL-C by quartiles of various testosterones and SHBG. The SHBG levels had no correlation with TC or LDL-C and nor did the testosterone levels with TC. Increasing testosterone quartile levels were related Endogenous testosterone and lipid profile B-P Jiann et al to higher LDL-C with P for trend around 0.033-0.083 for various testosterones. Table 5 demonstrated the contributions of TT, BT, FT and SHBG to plasma concentrations of TGs, HDL-C, and LDL-C after adjusting for age, BMI, HT, DM, and either SHBG (for the analysis of various testosterone) or BT (for the analysis of SHBG). The results were similar to those seen in Tables 2-4 . These models contributed to explaining only 3-22% of variance in the lipid concentrations. With further control of TGs, the contribution of testosterone to HDL-C diminished especially in the non-fasting group, and no more significant contribution of TT, BT, or FT to HDL-C in both groups was noted (data not shown).
Discussion
In these middle-aged to older Taiwanese men, there were beneficial associations between testosterone and postprandial TGs and HDL-C for the cardiovascular system. On the other hand, there was an unfavorable relationship between testosterone and LDL-C. These associations were independent of age, BMI, HT, DM and SHBG levels.
There were plenty of researches investigating the relationships between testosterone and lipids, but many of them had small case numbers. Because of that testosterone levels can explain only a small portion of the variance in lipids and that a greater case number may provide more powerful evidence, only the studies with case number of 300 or more were reviewed. Many studies reported an inverse association of TT and TGs 7, [16] [17] [18] [19] [20] and a positive association of TT and HDL-C, 7, 16, 18, 19, 21 but the confounding effect of SHBG was not adjusted in these studies. SHBG levels are moderately correlated to TT levels and they also correlate with TGs and HDL-C in the same direction as TT does. Therefore, taking SHBG into account (either by adjustment of SHBG or by assessment using FT or . P for trend is based on multivariate linear regression analysis with ordinal scores assigned to quartiles of the relevant variable with adjustment of age and body mass index, and TGs (only for b ) and either SHBG (for the analysis of testosterone) or BT (for the analysis of SHBG). Values are mean ± standard error (n).
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When the confounding effect of SHBG was considered, insignificant correlation of TT and fasting TGs was reported in other studies, 6, 10, 22, 23 which was compatible with our finding. The relationship of testosterone and postprandial TGs has been seldom addressed. Only two studies 7, 20 in this aspect were available and their findings were consistent with ours even though they did not take SHBG into account. Another clinical trial revealed that short-term elevation of testosterone had positive effect on postprandial TG handing but not in the fasting TG levels, 24 which was also in line with our observations. The mechanism of these findings is not clear. It is hypothesized that increased visceral fat, which is associated with low testosterone levels, 25 leads to overproduction of very low-density lipoprotein particles 26 and these particles compete with dietary TGs for the same clearance mechanism, and causes the elevation of postprandial TGs. 27 When the effect of SHBG was taken into account, divergent results were reported in the association between testosterone and HDL-C, with most reporting no association 6, 20, 23, 28 and some reporting an inverse 10 or a positive association 29, 30 between them. The inconsistency may come from methodological difference or from the true difference in the study populations. A positive correlation between testosterone and HDL-C was reported in studies, which took SHBG into account and targeted in nonfasting subjects, 29, 30 and this was in agreement with our observations. The effect of testosterone on the elevation of HDL-C levels may partly be mediated through TGs via the bidirectional lipids exchange between TGs and HDL-C. 15 This assumption was supported by the stronger association of testosterone and HDL-C in the non-fasting than the fasting state and by the weakened association of them when TG levels were further adjusted, as shown in our results.
The relationship between testosterone and TC or LDL-C has been less investigated. Most studies reported no correlation between them, 6, 10, 17, 21, 23, 31 and several studies reported an unfavorable association of testosterone with TC, LDL-C and apoprotein B. 6, 7, 29 According to the evidences that every 1.0 mg dl À1 elevation in HDL-C levels and decrease in LDL-C levels may reduce the risk of cardiovascular disease by 2-4% 32 and 0.6%, 33 respectively, Endogenous testosterone and lipid profile B-P Jiann et al and the magnitudes of associations of testosterone with HDL-C and LDL-C shown in this study, the unfavorable effect of testosterone on LDL-C for cardiovascular system neutralizes the favorable effect of testosterone on HDL-C. The overall effect of testosterone on lipids is beneficial for its inverse association with postprandial TGs based on the facts that most of our life is in non-fasting state, 34 atherosclerosis is in part a postprandial phenomenon, 35, 36 and postprandial TG level is a predictor for cardiovascular disease. 37, 38 The strengths of this study were the moderately large case number, the confounding effect of SHBG having been considered, and the consistency of our results with previous reports. And to our knowledge, this is the first study to discuss the associations of endogenous testosterone and lipid profiles both in the fasting and non-fasting states. There were limitations in this study too. The convenience samples could not be projected to the general population. Only single measure of sex hormones was used, although it was reported adequate to characterize the testosterone of individuals by a single morning specimen. 39 Information about other potential confounders such as smoking, alcohol drinking, dietary habits and physical activity were not obtained. A history of dyslipidemia and its medical treatment were not evaluated, so these factors were not controlled in the analyses. However, the treatment rate for dyslipidemia is low in Taiwan. 40 Even if lipid-lowering agents were used, it often coexisted with HT and DM and therefore, adjustment of HT and DM was supposed to have the same effect as adjusting for dyslipidemia.
No standard breakfast was given to the non-fasting group and the time for blood sampling from the last meal was not recorded, but our blood sampling time was restricted during the period from 0800 to 1100 hours. The fasting and non-fasting groups were not randomized samples, and some differences existed between them, such as in testosterone levels and lipid profiles. However, testosterone levels have been shown to be lower in the non-fasting than the fasting state with a maximum fall of 34% from the fasting state after a 50 grams oral glucose intake. 41 The postprandial TG levels have been reported to be higher than the fasting levels up to 6 h with a maximum rise at 3-4 h post the last meal. 34 In 1505 42 whose change of it was compatible with the difference of TGs between the fasting and non-fasting group in this study. TC and HDL-C have also been reported to be lower in the nonfasting state than the fasting state up to 4 h post meal with a maximum change of À8 and À4 mg dl À1 , respectively. 34 All these evidences suggested the differences in testosterone levels and lipid profiles between the fasting and non-fasting groups being acceptable.
Conclusions
In these middle-aged to older Taiwanese men, higher endogenous plasma testosterone levels were associated with lower postprandial TGs and higher postprandial HDL-C but they also correlated with higher LDL-C, independently of age, BMI, SHBG, HT and DM. According to the magnitudes of the associations of testosterone with HDL-C and LDL-C, the net effect of testosterone on HDL-C and LDL-C for cardiovascular disease is neutral. Overall, testosterone has beneficial effect on lipids for the cardiovascular system due to its inverse association with postprandial TGs. Future studies assessing the associations between endogenous testosterone and lipids in the fasting and non-fasting state of the same individuals are needed to verify our observations.
